A series of liquid crystaJline polyurethanes of different both flexible spacer length and mesogenic group content was studied by means of positron annihilation method. The investigated polymers were targeted on the separation of aromatic hydrocarbons from their mixtures with aliphatic ones. The effect of modification of the liquid crystalline polyurethane chain on the polyurethane free volume size and free volume distribution was determined on the basis of the positron annihilation lifetime spectra. In the positron annihilation lifetime spectra measured for the samples under study two long components of several nanoseconds, characteristic of o-Ps decaying by pick-off, occurred. The correlation of the values of the o-Ps lifetime with the size of the free volume region allowed to recover the free volume distributions with the use of the method employing the numerical Laplace inversion technique. The obtained results were compared with the diffusion data on the mobility of liquid hydrocarbons in the liquid crystalline polyurethanes enabling the correlations between polymer structure and its transport properties to be evaluated.
Introduction
Liquid mixtures can be separated very effectively by pervaporation using dense polymer membrane. Since the separation effect is caused by different solubilities and diffusivities of the components in the membrane polymer, the chemical *To whoin correspondence on positron annihilation should be addressed.
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(21) architecture of the polymer and its morphology are the most effective parameters in differentiating the transport rates and the separation efficiencies.
Therefore, it is of great interest to study free volume size and distribution of stucturally different LC (liquid crystalline) polyurethanes with respect to their transport properties. The correlations which are to be found should help to reveal transport mechanism in such systems and should facilitate the designing of the new polymer materials with tailor-made transport properties.
Experimental

Preparation of samples
Liquid crystalline polyurethanes were synthesized by the prepolymer two--step technique using poly(oxytetramethylene)diol (PTMO), 2,4-tolylene diisocyanate (TDI), 4,4'-bis(2-hydroxyethoxy)biphenyl (BHBP) and N, N-dimethylfor -m a m i d e ( D M F ) a s a s o l v e n t . P r e p a r a t i o n a n d p h y s i c o c h e m i c a l p r o p e r t i e s o f t h e s e polymers have been published in [1] [2] [3] [4] .
PTMO diols with different molecular weights (Μn = 2000, 1000, 650) and different initial composition of BΗBΡ and PTMO diols (3:1, 1:1) were applied resulting in LC polyurethanes with different structure and properties (Table I) .
Polymer films used in transport studies were cast from 20% DMF solution and dried for 4 days at 60°C, while the ones used in PAL studies had the form of discs of 10 mm and the thickness of 1 mm and were obtained by the way of layer by layer casting.
Scheme of the synthesis of the polyurethanes is given in Fig. 1 .
Positron annihilation lifetime (PAL) measurements
A conventional fast-slow coincidence system with plastic, cylindrical scintillation NE111 (20 mm x 20 mm) was used for measuring the lifetime spectra at room temperature. The positron source, 2 2 Νa of activity 15 μCi was deposited between two identical thin Hostaphan foils (0.8 mg•cm -2 each) and then sandwiched between the samples under investigation. A typical decay curve contained about 2 x 106 counts and had the peak to background ratio of 5.5 x 10 4 .
Transport measurements
Transport of aromatic and aliphatic hydrocarbons into LC polyurethanes was investigated using conventional weight-gain experiments.
Diffusion coefficients were evaluated from the slopes of the initial linear part of the Μ /M∞ versus t 1/2 curves according to the relation [5] :
wlere Μt and Μ^ are the amounts of the liquid absorbed after time t and after infinite time respectively, while h is the sample thickness.
Results and discussion
Results of PAL measurements
The PAL spectra were fitted with a sum of four exponentials convoluted with the resolution function of the lifetime spectrometer (a sum of two Gaussians) plus a constant background using the program POSITRONFIT [6] . The results of the analysis i.e. the lifetimes and the intensities are given in Table II .
The analysis of the PAL spectra with the use of the method employing numerical Laplace inversion technique [7] was performed for the samples. Further details concerning the method are given in [8] . A modified version of Provencher program CONTIN was used to obtain the volume (V) distributions of free-volume cavities. A reference spectrum of 6Ν polycrystalline Ni was used (τNi = 116 ps, -[Ni = 92%). The volume distributions g(V) are given in Fig. 2. 
Transport properties of LC polyurethanes at 25°C
Transport results for different hydrocarbons and various LC polyurethane materials are shown in Table III . The correlation between diffusion coefficients and morphology of LC polyurethane or nature of penetrant will be described in details in [9] .
Discussion
Segmented polyurethanes can be defined as linear multi-block copolymers consisting of highly polar and rigid blocks ("hard segments") and relatively long, flexible "soft Segments" (cf. Fig. 3 ).
Due to thermodynamic incompatibility the hard and soft segments undergo microphase separation resulting in the formation of soft and hard domains. The latter act as physical crosslinks as well as "reinforcing" fillers.
It was shown that transport of liquids and gases in segmented polyurethanes occurs through the soft segment domains. Thus, structure and mobility of soft segments segregated into soft domains seem to be the major factors influencing diffusion of liquids through LC polyurethanes.
It has been found previously [4] that by varying the initial composition of the diols and/or molecular weight of the soft segments it is possible to influence the properties of the continuous soft segment matrix. Fairly pure soft segment matrix (Fig. 4) is assumed to be present in the case of the liquid crystalline polyurethanes (LCPU) with a soft segment of Μ = 2000, whereas LC polyurethanes with hard mesogenic blocks mixed into the soft phase were formed when Mn of PTMO block was lower than 2000 (Fig. 5) .
The differences in stucture of soft segment domains can also be seen from the results of the investigations of the LCPU by the positron annihilation. It appears from the curves shown in Fig. 2 that the average size of free volume for the LC polyurethanes which are completely phase separated (LCPU-1 and LCΡU-2) is higher than for the LC polyurethanes for which phase mixing occurs (LCPU-3 and LCPU-4).
Moreover, there is a strong correlation between the values of the glass transition temperature Tg (cf. Table I), the average size of the free volume Vav (the value corresponding to the maxima in Fig. 2 ) and the diffusion coefficient D (cf. The results obtained by means of the positron annihilation method may also suggest more complex stucture of the analyzed soft domains than it was found previously [4] .
The existence of two long-lived components in the lifetime spectra (with the lifetimes τ3 and τ4) can be connected with the occurrence of two structurally different "soft" regions present in soft domains. One can also assume that hard domains are not penetrated by the positronium due to their ordered stucture.
The τ4 component corresponds to the regions of the greater free volume. Since high intensities I4 of this component are observed for LCPU with the highest degree of the phase separation 100% (LCPU-1 and LCPU-2), one can assume that the τ4 component comes from the positronium annihilating in the free volume of pure elastomer domains (only blocks of PTMO). Indeed, the values of the intensities I3 corresponding to the positronium annihilating in regions of the smaller volume (τ3 < τ4) are considerably lower for these polymers in comparison both with their values of I4 and the values of I3 for other LCPU samples (LCPU-3 and LCΡU-4). Therefore, regions characterized by τ3 may correspond to mixed domains where the presence of the urethane blocks enlarges the intermolecular interactions that makes the chains closer to each other and results in the reduction of the free volume. Such suggestion is conflrmed by the greater values of /3 when compared to the corresponding values of I4 obtained for samples with smaller degree of phase separation. It proves that in these samples (LCPU-3 and LCPU-4) the regions of mixed domains dominate.
